---------In this research, we report the synthesis of boron ketoiminate-containing polymers with large molecular weights (Mn = 20,000~) and their optical properties examined by UV-vis absorption and photoluminescence spectrometries. It was shown that the polymers exhibited strong emission both in the solution and solid states (ΦPL,THF = 0.46~0.80, ΦPL,film = 0.13~0.38). These optical properties can be explained by a donor-acceptor interaction between the boron ketoiminate and the electron-donating comonomer such as fluorene or bithiophene. Furthermore, in the solid states, their emission colors can be successfully tuned from blue to orange by the substituents on the nitrogen atom with the difference of the steric hindrance (λPL,THF = 464~546 nm, λPL,film = 486~604 nm).
Introduction
Boron-containing polymers have received a great deal of attention from both academic and industrial researchers. Their superior properties such as high charge-carrier mobilities, prominent optical properties, high stability and high processability make them key materials for the developments of advanced opto and/or electric devices such as organic light emitting diodes, 1 photovoltaic cells, 2 and field effect transistors. 3 We and Jӓkle et al. have presented the polymers containing boron complexes in polymer main-chains or side-chains. 4, 5 Accordingly, it was found that these materials showed high stability, high charge-carrier mobilities and strong emission properties as we expected.
4,5
To apply boron-containing polymers for the light-emitting materials, it is necessary to establish the color-tuning method by simple modifications. Boron diketonate derivatives are known as one of simple and versatile organoboron dyes because of relatively high absorption coefficient, fluorescent quantum yield and high photochemical stability. This is the first example, to the best of our knowledge, to offer various colorful materials in the wide emission range based on the electronic-structure tuning of the boron ketoiminatecontaining polymers.
Results and Discussion
As a monomer unit, the diiodo-substituted boron ketoiminates were prepared according to Scheme S1 (see supporting information). Polymerizations were accomplished by the palladium-catalyzed Suzuki-Miyaura coupling with [9,9- All the purified polymers gave satisfactory spectroscopic data corresponding to their expected molecular structures ( Figures S1-S6 ). These observations strongly suggest that the palladiumcatalyzed Suzuki-Miyaura coupling is an effective approach to introduce boron ketoiminates into the main-chain of conjugated polymers.
Initially, the electronic structures at the ground state were examined. The optical properties of the synthesized polymers were investigated by DFT calculations (Figure 1 ). 11 UV-vis absorption spectra were obtained in THF (c = 1×10 -5 M, Figure 2 and Table 2 ). In UV-vis absorption spectra, the polymers showed red-shifted absorption bands assigned as π−π* HOMOs of synthesized polymers are localized on a fluorene unit as well as a bithiophene unit, while the LUMOs are localized on a boron ketoiminate unit. In addition, the energy levels of HOMOs are strongly affected by the comonomer units. These data indicate the boron ketoiminate acts as an acceptor in the polymer main-chains. In particular, the localization of HOMOs was clearly presented from the model molecules containing fluorene which can work as a weak electron donor. It is suggested that boron ketoiminate should play a strong electron acceptor in the conjugation system. The significant substituent effect by introducing a methyl group at the nitrogen atom was slightly observed according to Figure S8 . In summary, it is proposed that the electronic states of the polymers should be strongly affected by the donoracceptor interaction between the boron ketoiminate and the comonomer units.
The PL spectra of the synthesized polymers in THF (c = 1×10 -5 M) were measured with the excitation light at each absorption maximum ( Figure 3a and Table 2 ). The polymers showed emissions with a single broad peak. although the small molecule of the boron ketoiminate derivatives hardly exhibited emissions in the solution states. 9, 13 Therefore, these results suggest that a non-radiative deactivation caused by boron ketoiminate units should be suppressed by introduction of boron ketoiminates into the polymer main-chains.
Conclusions
We have demonstrated the effect of a polymerization and a substituent of nitrogen atom on the optical properties of the ketoimine-containing organoboron polymers. It was observed that the polymers exhibited strong emission both in the solution and the film states (ΦPL,THF = 0.46~0.80, ΦPL,film = 0.13~0.38) originated from the introduction of the boron ketoiminates into the polymer main-chains. The optical properties can be explained by a donor-acceptor interaction with the boron ketoiminate as an acceptor. Moreover, the emission colors were significantly varied from blue to orange in the film states by changing the substituents because of the difference of intermolecular interactions in the condensed states. These findings would expand the applicability of boron ketoiminates as a useful building block to prepare a solid-state fluorescent polymer with a fine-tuning ability of optical properties.
Supporting Information
Supporting Information is available from the Wiley Online Library or from the author.
[12] The UV-vis absorption spectra of M-H and M-Me in THF (c = 5×10 -5 M) are shown in Figure S7 in Supporting Information. They showed blue-shifted absorption spectra in comparison with the corresponding polymers.
[13] The PL properties of a boron ketoiminate derivative both in the solution and the aggregation state are shown in Figure S9 in Supporting Information.
Scheme 1. Synthetic route of the polymers. a) The PL spectra were measured upon the excitation at each λabs.
b) The emission quantum yields were determined as an absolute value. c) Measured in THF (c = 1.0 ×10 -5 mol/L).
d)
Calculated from the onset wavelength of the corresponding UV-vis absorption spectra in THF. e) Measured with the cast films from the solutions of synthesized compounds in THF on quartz plates.
Boron ketoiminate-containing polymers were synthesized by Suzuki-Miyaura coupling, and their optical properties were examined by UV-vis absorption and photoluminescence spectrometries. The polymers exhibited strong emission both in the solution and solid states, and their emission colors were successively tuned from blue to orange by changing the substituents on the nitrogen atom and the comonomer units.
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